Abstract. Previous studies have indicated that FoxP1, FoxP2 and FoxP3 play important roles in hepatocellular carcinoma (HCC). However, the effect of FoxP4 in HCC requires further elucidation. The aim of the present study was to explore the roles of FoxP4 in HCC and further decipher the detailed mechanism. In present study, it was found that FoxP4, which is overexpressed in HCC tissues and cell lines, facilitated EMT in HCC cell lines through regulation of Slug. First, increased expression of FoxP4 was identified in 110 pairs of human HCC tumor and their adjacent normal tissues. In addition, the association between FoxP4 expression and clinicopathological features of HCC patients indicated that FoxP4 played vital roles in HCC development. Subsequently, gain-and loss-of-function experiments indicated that FoxP4 promoted cellular proliferation, migration as well invasion. In addition, EMT, a key mechanism during cancer metastasis, was regulated by FoxP4. Furthermore, ChIP and qChIP as well as luciferase reporter assays indicated that Slug, an EMT-associated transcription factor, was transcriptionally regulated by FoxP4. In conclusion, FoxP4 functioned as a tumor promoter in HCC cells by transcriptionally regulating Slug, and the present study highlighted the potential effects of FoxP4 on the prognosis and treatment of HCC.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most prevalent malignant tumor worldwide, with rising incidence in recent decades (1, 2) . The development of surgical techniques has improved the prognosis of patients with HCC. However, due to high mortality (3), the overall survival rate of patients with HCC is still poor (2, 4) . Notably, research has revealed that a variety of molecules play key roles in the initiation and progression of HCC (5) . Thus, finding reliable biomarkers to diagnose HCC and developing novel strategies are required for the effective treatment of patients with HCC.
Increasingly, evidence has indicated that different transcription factor (TF) classes play critical roles for tumor development (6) . For example, the member of forkhead box P (FoxP) family, FoxP1, FoxP2 and FoxP3, have been revealed to play an important function in HCC (7) (8) (9) (10) (11) (12) . The FoxP subfamily which consists of four members (FoxP1-4) belongs to the Fox superfamily, it has a highly conserved 'winged-helix' or 'fork-head' (13, 14) . Fox proteins are involved in cell cycle progression, apoptosis, proliferation as well as in senescence and metabolism (15) . However, the function of FoxP4, the other member of the FoxP family, has yet to be revealed.
Epithelial-mesenchymal transition (EMT) is a complex process which is closely associated with the metastasis of cancer cells (16) . The main characteristic of EMT is the transi- (16) . The main characteristic of EMT is the transi- (16) . The main characteristic of EMT is the transition of cell phenotype, epithelial cells change their phenotype from epithelial to mesenchymal (16) . Previous studies have identified that several transcription factors are involved in EMT, including Slug, Snail and Twist1 (17, 18) . A recent study demonstrated that the member of the Fox family plays a crucial role in EMT (19) .
The aim of the present study was to reveal the role of FoxP4 in HCC. Its functions in HCCLM3 cells were investigated with colony formation, CCK-8, wound healing and Transwell invasion assays. Moreover, ChIP and qChIP as well as a luciferase reporter assay demonstrated that Slug was a downstream target of FoxP4. In conclusion, our study revealed that FoxP4 plays a key role in HCC.
Materials and methods
Cell culture. Human HL-7702 normal liver cell line and human HCCLM3 cells were purchased from the Shanghai Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). Cell lines were cultured in DMEM (HyClone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 1% penicillin and 1% streptomycin as well as 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences,) and cells were maintained at 37˚C in a 5% CO 2 atmosphere. Cell transfection. Vector (pcDNA3.1) and pcDNA3.1-FoxP4 were purchased from Vigene Biosciences (Shandong, China). Scramble siRNA (SCR) and FoxP4 siRNA (siFoxP4) were designed and synthesized by GenePharma (Shanghai, China). For cell transfection, the cells were transfected with 2.5 µg plasmid or 50 nM siRNA using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. After transfection for 48 h, the cells were collected and used for the subsequent experiments.
Real-Time quantitative polymerase chain reaction (qRT-qPCR) analysis. Total RNA was extracted from tissue samples and cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to manufacturer's instructions. RNA (2 µg) was reverse-transcribed into cDNA using the PrimeScript™ RT Reagent kit. qPCR was performed using SYBR Green (Roche Diagnostics, Mannheim, Germany). The thermocycling conditions were as follows: 95˚C for 10 min, followed by 35 cycles at 95˚C for 60 sec (denaturation), 56˚C for 60 sec (annealing), and 72˚C for 2 min (extension), followed by 72˚C for 6 min. GAPDH served as an internal control. Relative gene expression was quantified using 2 -ΔΔCq method (20) .
Western blot analysis. Approximately 2x10 6 HCCLM3 cells were collected by centrifugation at 800 x g for 5 min at 4˚C, and lysed in RIPA buffer (10% NP-40, 10% sodium deoxycholate, 100 mM NaCl, 20 mM Tris-HCl pH 7.4 and 100 mM EDTA) at 4˚C for 30 min. Samples were subsequently centrifuged at 13,000 x g for 15 min at 4˚C and the supernatants were collected. The concentration of the proteins was assessed using a BCA protein assay (Pierce; Thermo Fisher Scientific, Inc.) according to manufacturer's protocol. Equal amounts of samples (40 µg) were separated by 10% SDS-PAGE and transferred onto PVDF membranes. After blocking with 5% non-fat milk for 1 h at room temperature, the membranes were incubated with the indicated antibodies overnight at 4˚C. Following washing with TBST solution three times, the membranes were incubated with HRP-conjugated secondary antibodies for 1 h at room temperature. The blots were visualized using enhanced chemiluminescence (Pierce; Thermo Fisher Scientific, Inc.). The antibodies used were as follows: rabbit anti-E-cadherin (1:1,000), rabbit anti-N-cadherin (1:1,000) and mouse anti-β-actin (1:1,000) antibodies (all from Abcam; Cambridge, MA, USA); rabbit/mouse secondary (1:5,000) antibodies (Proteintech; Wuhan Sanying Biotechnology, Wuhan, China).
CCK-8 assay.
A CCK-8 assay was performed to establish the effect of FoxP4 on cellular proliferation. Briefly, ~2x10 3 transfected cells were placed into 96-well plates with 200 µl DMEM supplemented with 10% FBS, and 20 µl CCK-8 solution (Beyotime Institute of Biotechnology, Shanghai, China) was added to each well after culturing for 0, 24, 48 and 72 h. Following incubation for another 30 min at 37˚C, the absorbance value was assessed at 450 nm using a microplate reader (Bio-Tek Instruments, Winooski, VT, USA). Each independent experiment was replicated at least three times.
Colony formation assay. Briefly, ~5x10
3 transfected cells were cultured in 6-well plates for 12 days. The medium was replaced every three days. After 12 days, the colonies were fixed with methanol at room temperature for 10 min, and then stained with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at room temperature for 15 min. The number of colonies was counted under a light microscope. Each independent experiment was replicated at least three times.
Wound healing assay. A wound healing assay was performed to determine the effect of FoxP4 on the migratory capabilities of HCC cells. In brief, ~4x10 5 transfected HCCLM3 cells were plated in 12-well plates and cultured in DMEM supplemented with 1% penicillin and 1% streptomycin as well as 10% FBS at 37˚C with 5% CO 2 until 90-100% confluence. A 20-µl pipette tip was utilized to scratch a line wound. The detached cells were removed using ice-cold PBS. Subsequently, the cells were cultured in serum-free DMEM at 37˚C with 5% CO 2 . The scratch wounds were observed at 0 and 48 h under a light microscope and photomicrographs were captured. The migration of cells was analyzed using ImageJ 1.48 software (National Institutes of Health, Bethesda, MD, USA). The wound healing rate was calculated according to the following formula: Wound healing rate=[(scratch width at 0 h)-scratch width at 48 h]/(scratch width at 0 h)] x100%. Each independent experiment was repeated at least three times.
Transwell invasion analysis. Transwell invasion analysis was used to determine cell migration and invasion capacities. Briefly, Transwell chambers with 8-µm pore sizes (Corning, Cambridge, MA, USA) were coated with 80 µl 1:16-diluted Matrigel-coated (BD Biosciences, Franklin Lakes, NJ, USA) and incubated at 37˚C for 1 h. After transfection for 24 h, approximately 2.5x10 4 cells were placed into the upper chamber with 300 µl serum-free DMEM medium, while 500 µl DMEM supplemented with 10% FBS was added to the lower chamber. Following incubation for 48 h, the cells in the upper chamber were removed by a cotton swab and the cells in the lower chamber were then stained with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA) for 10 min at room temperature. Finally, the invaded cells were counted and photographed under a light microscope. Each independent experiment was replicated at least three times.
Dual luciferase reporter assay. For the dual luciferase reporter assay, the promoter region (-2,000 to +200) of Slug was cloned into pGL3-basic plasmid, and 293T cells were placed in 12-well plates and co-transfected with pGL3-Slug, Renilla, FoxP4, FoxP4 siRNA or the corresponding negative control. After transcription for 24 h, the cells were collected. The luciferase activity was assessed using a dual luciferase reporter assay system (Promega Corporation, Madison, WI, USA) according to manufacturer's instructions. The firefly luciferase activity was normalized to Renilla luciferase activity. Each independent experiment was replicated at least three times.
Statistical analysis. Each independent experiment was repeated at least three times. Statistical analysis was performed using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA), and all data were presented as the mean ± SD. A student's t-test was used to determine the statistical significance of the differences between two groups, and one-way analysis of variance followed by Tukey's test was used to analyze the statistical significance of the differences between multiple groups. The Kaplan-Meier method followed by log-rank test was used to plot the survival curves based on FoxP4 relative expression and overall survival. The relationship of FoxP4 expression and pathological characteristics of patients was analyzed by χ 2 test. The correlations between the expression of EMT indicator proteins and FoxP4 were analyzed using Spearman's correlation analysis. P<0.05 was considered to indicate a statistically significant difference.
Results
The expression of FoxP4 is elevated in HCC tissues and cell lines. To investigate the functions of FoxP4 in HCC, we first determined the expression of FoxP4 in HCC tissues and their adjacent normal tissues using RT-qPCR assay, revealing that the expression of FoxP4 was elevated in tumor tissues, compared with adjacent normal tissues (Fig. 1A) . In addition, the expression of FoxP4 in HCC cell line HCCLM3 was detected using RT-qPCR and western blotting assays, respectively. The human HL-7702 normal hepatocellular cell line was used as a control. The present results revealed that both mRNA and protein levels of FoxP4 were higher in the HCC cell line than that in normal hepatocytes (Fig. 1B and C) . Subsequently, the correlation between the expression of FoxP4 and the clinical information of HCC patients was determined. The mean value of FoxP4 mRNA content in tumor cells was used as the standard. Thus, higher values than the standard value were defined as high expression, and lower values than the standard value were defined as low expression. As revealed in Table I , high expression of FoxP4 was closely associated with tumor size, TNM stage and metastasis (Table I) , indicating that FoxP4 may play a key role in HCC development. Additionally, analysis of survival data using the Kaplan-Meier method revealed that patients with high expression of FoxP4 had a poor prognosis (Fig. 1D) . Table I , high expression of FoxP4 was closely associated with larger tumor size, thus, we assumed that FoxP4 may play a role in cellular proliferation. To investigate the roles of FoxP4 in HCC, FoxP4 was overexpressed Table I . Clinicopathological variables in 110 HCC patients. or knocked down in HCCLM3 cells using pcDNA3.1-FoxP4 plasmid or siRNA-FoxP4, respectively. RT-qPCR and western blotting assays were utilized to determine the success of the transfection ( Fig. 2A and B) . Subsequently, colony formation as well as CCK-8 assays were performed to determine the effect of FoxP4 on cellular proliferation. The results of the colony formation assay revealed that upregulation of the expression of FoxP4 resulted in an elevated number of colonies in HCCLM3 cells compared to the vector group, whereas knockdown of FoxP4 notably reduced the number of colonies compared to the SCR group (Fig. 2C) . Additionally, CCK-8 analysis also demonstrated that ectopic expression of FoxP4 improved the cellular proliferation rate and knockdown of FoxP4 impaired the cellular proliferation rate in HCCLM3 cells (Fig. 2D) . Collectively, the results indicated that elevated expression of FoxP4 in HCC cells affected cell proliferation.
Elevated expression of FoxP4 in HCC cells promotes their proliferation. As revealed in

FoxP4 protein expression ---------------------------------------------------------------------------
Upregulation of FoxP4 promotes the migration and invasion of HCC cells.
To further decipher the detailed mechanism of FoxP4 in HCC, a wound healing assay and Tranwell invasion assay were performed. The results of the wound healing assay revealed that ectopic expression of FoxP4 potentiated the healing of scratch wounds in HCCLM3 cells, whereas FoxP4 inhibition resulted in the slower healing of scratch wounds in HCCLM3 cells (Fig. 3A) , indicating that the migratory capabilities of HCC cells were enhanced following FoxP4 overexpression, whereas they were impaired following FoxP4 silencing. For the Transwell invasion assay, the present results revealed that following FoxP4 overexpression, the number of invaded cells was significantly increased compared with the vector cells (Fig. 3B) . Conversely, invasive capabilities of siFoxP4-transfected cells were significantly impaired compared with SCR-transfected cells (Fig. 3B) . These observations indicated that the upregulation of FoxP4 promoted the migration and invasion of HCC cells.
FoxP4 promotes EMT in HCC cells through regulation of
Slug. Multiple studies have revealed that EMT can increase the incidence of cancer metastasis (21) (22) (23) . Therefore, we ascertained whether FoxP4 promoted the migration and invasion of HCC cells through regulation of EMT. As revealed in Fig. 4A and B, the results of the RT-qPCR assay revealed that following ectopic expression of FoxP4, the mRNA and protein levels of E-cadherin were significantly downregulated and the mRNA and protein levels of N-cadherin were significantly upregulated compared with the vector group (Fig. 4A and B) . Conversely, following inhibition of FoxP4, the mRNA and protein levels of E-cadherin were significantly upregulated and the mRNA and protein levels of N-cadherin were significantly downregulated compared with the SCR group ( Fig. 4A and B) . The aforementioned results indicated that FoxP4 promoted EMT in HCC cells. Subsequently, whether FoxP4 promoted EMT in HCC cells through regulation of the EMT-associated transcription factors, including Snail, Slug and Twist1, was determined. The present results demonstrated that ectopic expression of FoxP4 resulted in an elevated expression of Slug, whereas inhibition of FoxP4 significantly decreased the expression of Slug; however, neither overexpression nor knockdown of FoxP4 had an effect on Snail and Twist1 expression (Fig. 4C and D) . These observations indicated that FoxP4 promoted EMT in HCC cells through regulation of Slug.
Slug is transcriptionally regulated by FoxP4 in HCC cells.
Since FoxP4 is a transcription factor, it was hypothesized that FoxP4 may transcriptionally regulate Slug. To ascertain our hypothesis, ChIP and qChIP assays were performed, revealing that FoxP4 could directly bind to the promoter region of Slug (Fig. 5A) . Subsequently, the promoter region of Slug was cloned into the pGL3-basic plasmid (pGL3-Slug). 293T cells were co-transfected with pGL3-Slug and vector or FoxP4 plasmid, SCR or siFoxP4. The results of the dual luciferase reporter assay demonstrated that ectopic expression of FoxP4 resulted in an elevated relative luciferase activity compared with the vector group, and that in the siFOXP4-transfected cells, the relative luciferase activity was significantly decreased compared with the SCR group (Fig. 5B) . Notably, E-cadherin, N-cadherin as well as Slug expression were observed to be correlated with FoxP4 expression in HCC tissues (Table II) . Collectively, our results indicated that Slug was transcriptionally regulated by FoxP4 in HCC cells.
Discussion
In malignant tumors, >90% of patients with cancer succumbed to tumor metastasis in 2015 (24) . Hepatocellular carcinoma (HCC) is a fast-growing type of cancer that is characterized by highly invasive and metastatic capabilities (25, 26) . Unfortunately, almost 60-80% of patients with HCC are diagnosed at an advanced stage, thereby losing the opportunity for surgical treatment (27) .
In the present study, FoxP4 was identified to be upregulated in HCC tissues and cells compared with adjacent normal tissues and normal hepatocytes, respectively. Notably, FoxP4 expression was closely associated with tumor size, TNM stage and lymph node metastasis in patients with HCC. Epithelial-mesenchymal transition (EMT) has been revealed to promote cellular invasion and metastasis of cancer (28) (29) (30) , and the results of our present study revealed that upregulation of FoxP4 significantly promoted the migration and invasion of HCC cells by regulation of EMT. In epithelial cells, E-cadherin is an important protein that regulates cell-cell adhesion (31) . The expression of E-cadherin is markedly decreased during EMT, which results in loss of cell-cell adhesion as well as gain of cell motility. Previous studies have indicated that the reduction in E-cadherin expression is mainly regulated by the transcriptional repressors of E-cadherin gene (CDH1) (18, 32) . A major transcriptional repressor of CDH1 is the zinc finger factor, Slug (17) . Notably, ectopic expression of FoxP4 resulted in an increased expression of Slug. These results indicated that Slug may be involved in FoxP4-mediated EMT.
However, there are a number of limitations present in the study. First, an immunohistochemistry assay is the optimal method to verify the expression of FoxP4 in tissue samples. Second, the roles of FoxP4 in vivo require further investigation. Lastly, the ChIP-seq assay is necessary to extensively investigate FoxP4-target genes in HCC. Further examination is required of the underlying mechanism of FoxP4 in HCC.
In conclusion, our present study revealed that FoxP4 promoted EMT in HCC cells through transcriptional regulation of Slug expression. Moreover, upregulation of FoxP4 also promoted cellular proliferation, thus indicating that FOXP4 may have potential as a novel therapeutic target for the treatment of patients with HCC. EMT, epithelial-mesenchymal transition; HCC, hepatocellular carcinoma.
